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BIODEGRADABLE LIQUID CRYSTALLINE POLYMERS 

This invention relates to novel polymers and particularly high 
performance bioresorbable polymers v^lch have liquid crystalline 
5 properties. 

Thermotropic polyesters are known and such materials 
generally possess advantageous properties such as, inter alia, high 
thenmostability, low sensitivity to oxidation. However, such 
10 polyesters are generally not biodegradable. 

Although many biodegradable polymers are known, such as 
those comprising lactic add or p-hydroxybutyric, they are generally 
aliphatic in nature. Whilst they find utility in, for example, drug 
1 5 delivery systems or medical sutures, ttiey do not possess the high 
strength and high modulus required for use in, eg. toad bearing 
implants. 

Polyester anhydrides are known from European Patent 
20 application No.0055527. However, the polyester anhydrides 

disclosed tiier^n are not suffidentty bioresorbable or do not possess 
sufficient stii^igtti and/or nradulus to be suiteble as load bearing 
bk>resort)able implants. 

25 We have now surprisingly found a novel polymeric material 
whk:h overcomes or mitigates these disadvanteges. 

Thus according to the invention we provide a polymeric 
rraiteriai comprising repeating units of an aromatic mesogenic 
30 moiety» a hydroiysabie moiety and a spacer moiety. 
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The potymeric material is preferably a condensation product 
containing aromatic ester moieties as ttie mesogenic component, 
mixed aromatic and aliphatic anhydride moieties as the hydrolysable 
5 component and aliphatic chains as the spacer moiety. Suitably these 
components may be provided by a condensation product comprising 
both aromatic and aKphatic diadd residues or functional derivatives 
ttiereof and residues of polyfunctional nudeophilic species such as a 
diol or thiol. Thus the preferred polymeric materiais of the present 
10 invention are poly(ester-anhydride)s. Altemattvely the mesogenic 
component may be derived from aromatic amide moiet»s. 

The aromatic mesogenic moiety may be a polyester moiety 
and is preferably a condensation product of, for example, a 
15 terephthatoyi or isophthaloyi moiety and a quinoid such as 

hydroquinone, methylhydroquinone, phenyihydroquinone, biphenol 
or dihydroxynaphthalene or derivatives thereof. 

Thus the aromatic nr^esogenic moiety aptly comprises a moiety 
20 offomiulal. 

OC-R2-CO*0-Ri-0-OC-R2-CO I 



where Ri is: 
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A preferred mesogentc moiety comprises a moiety of the 
general fbrmuia II 



5 4'-Kg>-J-<Mg>-o-S^^@>J- n 

The hydrolysable moiety may comprise any conventlonaily 
known hydrolysable group. However, a preferred hydrolysabie 
moiety is an anhydride linkage. Such anhydrkles may be the 
10 condensation product of an aliphatic dtacki derivative and an 

aromatic diacid derivative, such as a terephthak>yi add derivative, 
eg. terephthaloyl chtoride or an isophthaloyi derivative such as 
tsophthaloyi chloride. 

1 5 The spacer moiety is any inert group and may preferably 
comprise an afiphatic chain, for example comprising methylene 
groups from C2 to C20, suitably from C2 to C^a* preferably from 
C4 toCiQ. AHematively, the spacer moiety may comprise alkylene 
oxide units ethylene oxkte, propylene oxkie or tetramethylene oxide 

20 units. 

Thus according to the invention we provide a polymeric 
material comprising repeating units offonm ulain.^ 



25 K-0CJ?rC0-(Wli-OJx\ (OC^2-CO-0-OCMCH2)„-CO-0)yl ffl 

in which: 

nisanintegerfrom2to20, preferably from 2 to 16. more 
preferably 4 to 10, 
30 Rt and R2 are as defined at>ove and 

the ratio of x:y is from 1:99 to 99:1 
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in a preferred embodiment R| andRj is methyl-substitued 
phenyl. ^ 

5 According to a further feature of the invention we provide a\ 
X method of manufacturing a polymeric material as hereinbefore 
^ described which comprises condensing a terephthaloyi or 
isophttialoyi compound and a quinoid such as hydroquinone, 
methylhydroquinone, phenylhydroquinone, biphenoi or 
^ dihydroxynaphthaiene or derivatives thereof and an aliphatic diadd 
or derivative thereof. 

The terephthaloyi or isophthaic^l^deriv^^ an 
add halide, eg. add chloride such as terephthaloyi or isophthaloyi 
15 chloride. Such materials are generally commercially available. 

The quinoid derivative is preferably an activated hydroquinone 
such as the silyiated derivative, eg« bis4rimethylsilyl hydroquinone. 
Bis-triaHcybilyl hydroquinones may be manufectured by. inter aBa. 
20 reacting the respective quinoid witii hexalkyldisilazane. 

Similarty, the aKphatic diadd derivative » preferably an 
activated diadd such as a silyiated diactd, eg. comprising silyl 
groups as hereinbefore described. 

25 

The polymeric material of the invention is advantageous in that 
it may be degradabte to fragments of low molecular weight which 
may in itself fedlitate bioresortmbility. Such polymeric materials may 
be processed to produce high strength and h^h modulus materials 
30 which are useful in the nranufecture of. inter alia, implantable 
devices, eg. implantabte fixation devices such as bone fixation or 
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prosthetic devices. The desired strength and modulus of the 
polymeric materials of the invention is evidenced by the presence of 
liquid crystal properties. 

5 Thus according to a further feature of the invention we provide 
a medical fixation device comprising a polymeric material as 
hereinbefore described. 

We further provide the use of a polymeric material as 
10 hereinbefore described in the manufeurture of a medical fixation 
device. 

We also provide a method of bone fixation which comprises 
attaching a fixation device as hereinbefore described to portions of 
15 existing bone. 

Aptly such fixation devices are preformed to the shape of 
impianteble prosthetic devices, such as femoral head or condylar 
prostheses or as a filling material, which may be suttably shaped, to 
20 replace missing or mctsed bone portions. 

The invention will now be described but in no way limited with 
reference to the following Examples. 

25 Example 1 

Preparation of Bis-trimethvlsiM Methvl Nvdroouinone 

Methyl hydroquinone (27.53g) and hexamethyldisilazane 
(48.42g) were refluxed together in toluene (400ml) for 2 hours. The 
30 resuttant bis4rimethylsilyl hydroquinone (75g) was isolated by 
vacuum distiHation. 
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Preparation of Bis-trimethyteilyl Adtoic Add 

Adipic add (36.54g) and hexamethyidisiiazane (48.42g) were 
refluxed in toluene (400mi) for 4 hours. The resultant bis- 
5 trimethylsiiyi adipate (B4g) was isolated by vacuum distillation. 

Terephthaloyt diloride (4.06g), bis^rimethylsHyl methyl- 
hydroquinone (4.3g), bis-trmethylsjiyl dodecanedioate (I.Sg) and 
benzyltriethylammonium chtorlde (O.OIg) were we^hed und^ 

10 nitrogen into a glass reaction vessel. The reaction mixture was 
heated, with stirring under nitrogen, from 90X to 260*C overa 
period of 3 hours after which a vacuum was applied for a further 
half*hour. The product was washed with dry tetrahydrofuran, dried 
under vacuum at 60 *C and characterised by i=TIR spectral analysis, 

15 13C-NMR spectral analysis and optical scanning under polarised 
light 

Figures 1 and 2. respectively, illustrate the FTIR and NMR 
spectra of the polymer. Figure 3 is a monochromatic reproduction of 

20 a coloured microphotograph of the polymer demonstrating the liquid 
crystalline prqperties of the polymer. The micrograph was taken 
between cross polars whilst the pdymer was molten. The coloured 
region (textured region X shown In Figure 3) is evidence of a 
birefringent fluid which can only arise if there is molecular order in 

25 the liquid, i.e. a liquid crystalline polymer. Also illustrated in Figure 3 
are thread-like structures (Y) which are typically associated with 
nematk: type Ikiuki cry^als. 
Examples 2 to 5 



30 



Poly(ester-anhydride)s having the composlttons shown in the 
folkawing teble were prepared In accordance with the method 
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described in Example 1. Each polymer exhibited themiotropic 
behaviour (viz. a liquid crystalline phase in the polymer melt). 



Example 
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T: Terephthaloyl Chloride k 

M: Bis-trimethylsilyl methylhydroquinone 

P: Bis-trimethylsilyl phenythydroquinone 

A: Bis-trimethyisiyI adipate 

Su: Bis-trimethylsilyl suberate 

Se: Bis-trimethylsiiyI sebacate 

D: Bis-trimethylsiiyi dodecanedioate 

5 

P«amnlft6 

The method of Example 1 was used to prepare a poly(e8ler- 
anhydride) comprised of residues derived from 50 mole% 
10 terephthaloyl chloride. 37.5 mole% bi»4rimethylsilyl hydroquinone 
and 12.5 mole% bis-trimethylsilyl dodecanedioate. 

A disc of the polymer material was immersed in deionized 
water, mainteined at room temperature, for one month. The 
1 5 structure was analysed by infared spectroso^y to investigate 

hydrolysis of the anhydride linkage. The FTIR spectra of the original 
polymer (Curve A) and the degraded polymer {Ciuve B) is shown in 
Figure 4 where it win be seen that the strong absorption band near 
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1790 cm'^ for Cuive A has almost disappeared at that point in Curve 
B. 
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CLAIMS 

1 . A biodegradable polymer comprising repeating units of an 
aromatic mesogenic moiety, a hydrotysabie moiety and a 

5 spacer moiety. 

2. A polymer as claimed in daim 1 in which the mesogenic moiety 
comprises aromatic ester residues. 

10 3. A polymer as claimed in daim 1 or daim 2 in which the 

mesogenic moiety comprises residues of the general formula: 

OC.R2-CO-O-R1-O-R2-CO 

in which Ri is: 




and R2 is 

-^or _(6r 

20 

4. A polymer as datmed in any one of the preening daims in 
which the hydrotysabie moiety comprises anhydride linkages. 

25 5. A polymer as claimed in any one of the preceeding daims in 
which the hydrotysabie moiety comprises residues of mixed 
aromatic-aliphatic anhydride. 

6. A polymer as claimed in any one of the preceding claims 
30 formed by the condensation of aromatic and aliphatic diadds 

or functional derivatives thereof with a nucteophilic compound. 
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7. A polymer as claimed in daim 6 in which the nucleophilic 
compound is an aromatic diol or thiol. 

5 8. A polymer as claimed in any one of the preceding daims 
having repeating units if the general formula: 

9. [(-0C-RrC0-O-R1-0^(0C^4%2-^O-O-OC^C^ 

in which n is an integer from 2 to 20; Ri and R2 are as defined 
10 in daim 3 and the ratio of x:y is from 1:99 to 99:1, 

10. A medical fixation device comprising a biodegradable polymer 
as defined in any one of the preceding claims. 

15 11. A device as daimed in daim 1 0 comprising a prosthesis or a 
bone filfing material. 



20 



25 
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